Background The purpose of this study is to investigate functional outcomes and cost impacts of immediate functional reconstruction performed in conjunction with limb-sparing resection of upper extremity soft tissue sarcomas. Methods Patients undergoing simultaneous limb-sparing upper extremity soft tissue sarcoma resection and functional reconstruction between December 1998 and March 2004 were retrospectively identified, their medical records reviewed, and costs of surgery analyzed. Functional outcomes and patient satisfaction were assessed via patient surveys and the Toronto Extremity Salvage Score (TESS). Results Thirteen patients met the inclusion criteria. Average follow-up was 43.3 months. Reconstructions included rotational innervated muscle flaps (n =6), free innervated myocutaneous flaps (n =1), and tendon transfers or grafts (n =6). Overall survival was 85 % (n =11) and disease-free survival was 77 % (n =10). Average total cost of surgery was $26,655. Patients undergoing reconstruction for hand and forearm sarcomas had significantly higher total costs of surgery than those undergoing reconstruction for elbow and upper arm sarcomas. Survey response rate was 91 % (n =10). Average TESS score was 76. Of the patients who worked preoperatively, 88 % returned to work postoperatively, and all patients who returned to work currently use their affected limb at work. Conclusions Patients undergoing immediate functional reconstruction for upper extremity soft tissue sarcoma resection achieved very good to excellent functional outcomes with quick recovery times and a high return-to-work rate following immediate functional reconstruction, thereby minimizing surgical cost impacts. Immediate functional reconstruction in the same surgical setting is thus a viable strategy following upper extremity soft tissue sarcoma resection.
Introduction
It is estimated that there were 10,980 new cases of soft tissue sarcoma diagnosed in the USA in 2011, with an estimated 3, 920 deaths [30] . Approximately 35 and 15 % of soft tissue sarcomas occur in the lower and upper extremities, respectively [36] . Historically, treatment of soft tissue sarcomas with simple excision resulted in very poor outcomes [3] with local recurrence rates estimated at 75-90 % [2, 33] .
Treatment of soft tissue sarcomas with limb amputation significantly improved outcomes due to markedly reduced local recurrence rates [29, 32] , resulting in a 50 % increase in 5-year survival [9] . Limb amputation, therefore, became the standard of care for extremity soft tissue sarcoma despite the morbidity associated with limb loss [14] .
In the mid-1970s, wide-margin surgical resection of extremity soft tissue sarcomas with the addition of adjuvant therapy (radiation and/or chemotherapy) achieved recurrence rates, metastasis, and mortality equivalent to that of limb amputation [15, 24, 31, 35] . These advancements in surgical technique, radiation, and adjuvant chemotherapy increased resectability and opportunities for limb reconstruction [25, 27] .
Limb-sparing surgery has become the preferred method of treatment for extremity soft tissue sarcomas, with discussion now focusing on the timing, choice, and outcomes of various reconstructive techniques [17, 26, 28] . In cases where adequate tumor resection completely eliminates or compromises crucial limb function, functional reconstructive surgery using innervated muscle or tendon transfers is preferable over nonfunctional soft tissue reconstruction [1, 8, 11, 12, 17, 22, 28] We have previously shown that functional reconstructive surgery is costly yet effective in restoring limb utility and improving quality of life parameters following limb-sparing sarcoma resection [23] . However, patient perceptions of functional outcome and surgical cost impacts for immediate upper extremity functional reconstruction have not been directly addressed in prior studies, and comparisons of these parameters between proximal and distal upper extremity functional restoration procedures have not been made.
The purpose of this article is to report functional outcomes and cost comparisons for immediate functional reconstructive surgery of the upper limb following soft tissue sarcoma resection at a high-volume referral center.
Materials and Methods
Patients between December 1998 and March 2004 who underwent functional reconstruction in the same surgical setting as their upper extremity soft tissue sarcoma resection were retrospectively identified in the senior surgeon's database, and their charts were reviewed. The study was approved by our institutional review board. All patients underwent wide tumor resection by the orthopedic oncological surgery team, followed by immediate functional reconstruction by the senior author in the same surgical setting.
Patients were divided into two groups: those undergoing reconstruction for defects proximal to the elbow and those undergoing defects distal to the elbow. The two patient groups were then analyzed along several dimensions: hospital length of stay, intensive care unit days, surgical time, total charges, routine charges, pharmacy charges, radiology charges, laboratory charges, medical supply charges, physical therapy charges, and miscellaneous charges. These data were obtained from internal institutional databases. All monetary charges were adjusted to 2012 US dollars using the United States government's annual Consumer Price Index for All Urban Consumers (CPI-U).
Functional outcomes and patient satisfaction with reconstruction were assessed via patient surveys and the Toronto Extremity Salvage Score (TESS). This scoring system is a validated longitudinal tool for measuring functional outcomes following resection for soft tissue sarcomas [5] [6] [7] 23] and has been shown to be superior for monitoring clinical outcomes as compared to the Musculoskeletal Tumor Society Rating Scales [10] and the Short Form 36 questionnaires [5] . TESS surveys consisted of 30 questions presented as 5-point Likert scales. Questions related to the patient's level of difficulty performing everyday activities. The patient-reported response for each question was summed and then scaled to 100. Lower scores indicate greater difficulty with activities of daily living.
For continuous variables, statistical analysis was performed using unpaired two-tailed t tests. Two-tailed Fisher's exact test was used to compare non-continuous variables. Results were considered significant at an alpha level less than or equal to 0.05.
Results
Thirteen of 49 patients undergoing reconstruction for upper extremity soft tissue sarcoma resection met the inclusion criteria. Average age was 55 years (range 30-87). There were four men and nine women. Average follow-up was Tables 2 and 3 . Seven patients underwent reconstruction proximal to the elbow (Figs. 1, 2 Complications occurred in six patients (46 %; Table 4 ). Serious complications, including brachial artery thrombosis, chronic donor site pain, tendon graft rupture, and ulnar nerve paresthesias, occurred in 31 % of patients (n =6; Table 3 ).
Ten of 11 surviving patients returned the survey in the followup period, for an average survey response rate of 91 %. Mean TESS score was 76 (range 36.3 to 100). Average consideration of personal disability was 4.1 out of 5 (1=completely disabled, 2= severely disabled, 3=moderately disabled, 4=mildly disabled, 5=not at all disabled). 88 % of patients (7 of 8) returned to work postoperatively, and all patients who returned to work currently use their affected limb at work. Average time from discharge to return to work was 2.6 months (range [1] [2] [3] [4] . No patient stated that they would have preferred amputation to limb-sparing surgery with functional reconstruction.
Patients undergoing functional reconstruction for tumor excisions below the elbow had significantly longer hospital stays yet spent significantly less time in the intensive care unit Table 5 for full results). Additionally, they had significantly higher total costs of surgery ($31,929 versus $22,764, p <0.03). Furthermore, they received more postoperative radiotherapy (83 % versus 29 %), underwent more surgical revisions (1.0 versus 0.28), and had a higher rate of major complications (50 % versus 20 %) than patients in the proximal reconstruction group, though these differences were not statistically significant (p values 0.07, 0.25, and 0.6, respectively).
Patients undergoing reconstructions proximal to the elbow had higher average TESS scores (86.3 versus 69.9) and a more favorable global consideration of their disability (4.6 versus 3.9), though these comparisons also did not reach statistical significance (p >0.10 in both cases).
Discussion
Although limb-sparing surgery with adjuvant radiation and chemotherapy has become the preferred treatment for upper extremity sarcomas, adequate tumor resection can compromise crucial limb function. Functional reconstructive surgery, with its intuitive benefits in restoring limb utility, should be offered to patients as one of many reconstructive options following sarcoma resection [21] .
Despite positive outcomes with functional reconstruction, the adoption of this strategy has not been widespread [26] . Functional muscle is not a prerequisite for limb salvage, and functional reconstruction is more technically demanding, time consuming, and expensive than soft tissue-only reconstruction [13, 16, 19, 23] . Controversy also exists regarding the timing of functional reconstruction, with lack of clarity surrounding the definition of immediate reconstruction [20] .
The paucity of data regarding complications, outcomes, and monetary cost of immediate functional reconstruction for upper extremity soft tissue defects following sarcoma resection may explain why this technique is not more widespread. Due to their low incidence, investigators have generally combined upper extremity functional reconstruction with lower extremity functional reconstruction in case series [11, 20, 22, 28] . Conversely, articles addressing upper extremity reconstruction following soft tissue sarcoma resection have had few patients with functional reconstruction [1, 34] . In order to clarify the role of this technique in appropriate patients, our study sought to provide single-surgeon data regarding oncologic, surgical, functional, and monetary cost outcomes of concomitant upper extremity soft tissue sarcoma resection and functional reconstruction in the same surgical setting. As we report a single senior surgeon's experience, the study population is relatively small, limiting its power. This is especially true in light of occasional large standard deviations associated with these data. Patients were not randomized with respect to either functional reconstruction or soft tissue coverage, and consequently, no cost parameter comparisons could be made between these groups. However, single-surgeon studies may control for variability better than larger, multiinstitutional studies with respect to technique, thereby providing more consistent outcome data with an associated cost of reduced generalizability. Despite these limitations, patient survey response rate was high, and average followup time was adequate.
Patients included in the study had oncologic outcomes consistent with both delayed functional and soft tissue-only reconstructions [1, 20, 22, 28] . Although patient perception of functionality following immediate reconstruction was high, patients undergoing reconstruction for sarcomas distal to the elbow had poorer functional outcomes and considered themselves slightly more disabled than patients undergoing reconstruction for sarcomas proximal to the elbow. They also underwent more surgical revisions and had a higher rate of major complications. While none of these differences were Significant p values in italics statistically significant, they are perhaps unsurprising as the distal upper extremity is a much more functionally complex unit than the proximal upper extremity. The positive outcomes observed in our study were achieved at an average surgical cost of $26,655, surgical time of 643 min, hospital duration of 6.8 days, minor complication rate of 46 %, and major complication rate of 31 %. The significantly increased costs of surgery and lengths of stay in the distal upper extremity group are explained by the higher rates of brachytherapy and postoperative radiotherapy in this group.
Although return-to-work rates and use of limb upon return to work were investigated, only direct inpatient costs were analyzed. No calculations were made regarding the economic impact of patients being out of work or for the costs of revision procedures following functional reconstruction. No adjustments were made for population differences between the proximal and distal reconstruction groups. As tumor excision and functional reconstruction were performed as single-stage procedures, it was not possible to calculate surgical costs and operative times for only the reconstructive portion of each case.
Overall, this study provides more accurate information to address patient concerns regarding immediate functional reconstructive surgery following limb-sparing upper extremity soft tissue sarcoma excision [4] . Additionally, it highlights the need for further cost and outcome investigations for reconstructive procedures in general and for immediate upper extremity functional reconstructive procedures following limbsparing sarcoma resection in particular.
In summary, following immediate functional reconstruction, patients achieved very good to excellent functional outcomes with quick recovery times and a high return-to-work rate, thus minimizing surgical cost impacts. Functional recovery may be more difficult for patients undergoing resection and immediate reconstruction of sarcomas of the hand/ forearm when compared to the elbow/upper arm. Larger studies are needed to evaluate utility differences between various immediate functional reconstructive techniques.
This study supports the notion that concomitant functional restoration should be offered as a reconstructive option in the same surgical setting when oncologic resection will compromise critical upper limb functionality. In this regard, surgeons who possess both detailed knowledge of hand and upper extremity anatomy and can perform functional limb reconstruction through multiple methods appropriate for the patient's functional and tissue coverage needs are a critical component of modern soft tissue sarcoma therapy [34] . Additionally, the presence of such surgeons at the time of tumor resection is crucial to ultimate patient outcomes through the preservation of small distal extremity structures with critical functionality [21] . This is of increasing importance as evidence mounts that smaller tumor-free resection margins, less than 1 cm in recent studies, can achieve long-term disease-free survival in excess of 65 % [18] .
